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1
ELECTRON BEAM WRITING APPARATUS
AND ELECTRON BEAM WRITING METHOD

CROSS-REFERENCE TO THE RELATED
APPLICATION

The entire disclosure of the Japanese Patent Application
No. 2012-032189, filed on Feb. 16, 2012 including specifica-
tion, claims, drawings, and summary, on which the Conven-
tion priority of the present application is based, are incorpo-
rated herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to an apparatus and method
for writing patterns with an electron beam.

BACKGROUND

The tendency in recent years towards higher mounting
densities and larger capacities of large-scale integrated (LSI:
Large Scale Integration) circuits are further reducing the cir-
cuit line widths needed for semiconductor devices.

Fabrication of semiconductor devices involves the use of
photomasks or reticles (hereinafter, referred to collectively as
masks) each having circuit patterns formed thereon. The cir-
cuit patterns on a mask are photolithographically transferred
onto a wafer using a reduction projection exposure apparatus,
often called a stepper, whereby the circuit patterns are formed
on the wafer. An electron beam writing apparatus capable of
writing fine patterns is used to manufacture the masks used to
transfer the fine circuit patterns onto the wafer. An electron
beam writing apparatus has inherently superior resolution,
and can ensure greater depth of focus, thus allowing control
over size fluctuations even with a difference in level.

Japanese Laid-Open Patent Publication No. Hei 9-293670
(1997) discloses a variable shape electron beam writing appa-
ratus used for electron beam lithography. The pattern writing
data for such apparatus is prepared by using design data
(CAD data) of a semiconductor integrated circuit, designed
by a CAD system and processing it, such as correcting the
data and dividing the pattern.

For example, the pattern is divided into segments each the
size of the maximum shot size, which is defined by the size of
the electron beam. After this division of the pattern, the appa-
ratus sets the coordinate positions and size of each shot and
the radiation time. Pattern writing data is then produced
which is used to shape the shot in accordance with the shape
and size of the pattern or pattern segment to be written. The
pattern writing data is divided into pieces each corresponding
to a strip-shaped frame (or main deflection region), and each
frame is divided into sub-deflection regions. That is, the pat-
tern writing data for the entire wafer has a hierarchical data
structure in which data of each of a plurality of strip-shaped
frames, which correspond to the main reflection regions, is
divided into a plurality of data each representing one of the
plurality of sub-reflection regions (smaller in size than the
main deflection regions) in the frame.

The electron beam is scanned over each sub-deflection
region by the sub-deflector ata higher speed than it is scanned
over each main deflection region; the sub-deflection regions
are generally the smallest writing fields. When writing on
each sub-deflection region, the shaping deflector forms a shot
of a size and shape corresponding to the pattern or pattern
segment to be written. Specifically, the electron beam emitted
from the electron gun is shaped into a rectangular shape by a
first aperture and then projected to a second aperture by the
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shaping deflector, resulting in a change in the shape and size
of the beam. The electron beam is then deflected by the
sub-deflector and the main deflector, and irradiated onto the
mask mounted on the stage.

Furthermore, when a mask is irradiated with an electron
beam, electrons reflected on the mask (reflected electrons) or
electrons generated after entering the mask (secondary elec-
tron) proceed upward within an electron optical column.

FIG. 5is a simulation of a path of reflected electrons having
an energy value of 50 keV. Here, the simulation is performed
only in a single direction in relation to each of exit angles of
10°, 30°, 50°, 70°, and 90°.

FIG. 6 is a simulation of a path of secondary electrons
having an energy value of 100 eV. The simulation is per-
formed only in a single direction in relation to each of exit
angles of 10°, 30°, 50°, 70°, and 90°.

It should be noted that in FIGS. 5 and 6, the horizontal axis
represents an x-axis, namely, a direction perpendicular to an
electron beam axis. In addition, the vertical axis represents a
Z-axis, namely, a direction parallel to the electron beam axis.
Furthermore, in these cases, an electromagnetic type lens,
namely, a lens that generates a magnetic field by causing
electric current to flow in a coil is used as an objective lens.

As can be seen from the simulation results shown in FIGS.
5 and 6, the reflected electrons or the secondary electrons
perform a helical motion, coiling around the electron beam
axis. Accordingly, the electron beam drifts under the influ-
ence of the reflected electrons or the secondary electrons,
which results in irradiation to a position deviated from a target
position.

The present invention has been made in view of the above
problems. It is, therefore, an object of the present invention is
to provide an electron beam writing apparatus and an electron
beam writing method capable of reducing the electron beam
drift due to the reflected electrons or the secondary electrons.

Other challenges and advantages of the present invention
are apparent from the following description.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, an elec-
tron beam writing apparatus comprising a control unit and a
writing unit having an electron optical column and a writing
chamber, comprising; a stage on which a sample is placed in
the writing unit, an electron gun unit, which is disposed in the
electron optical column, configured to emit an electron beam,
a shield plate, which is disposed between the stage and the
electron optical column, configured to block reflected elec-
trons or secondary electrons generated by irradiation to the
sample with the electron beam from entering the writing
chamber, and an electrostatic lens positioned in an axial direc-
tion of the electron beam in the electron optical column,
wherein the electrostatic lens is disposed immediately above
the shield plate and is being supplied with negative voltage,
from a voltage supply device, constantly during writing pat-
terns on the sample.

According to another aspect of the present invention, an
electron beam writing apparatus wherein a negative voltage in
a range between 0 V and -250 V is applied from the voltage
supply device to the electrostatic lens.

According to another aspect of the present invention, an
electron beam writing apparatus wherein a negative voltage
between —100V and -200 V on average is applied from the
voltage supply device to the electrostatic lens.

According to another aspect of the present invention, an
electron beam writing apparatus according further compris-
ing, a first aperture for shaping the electron beam that has



US 8,816,276 B2

3

been emitted from the electron gun, a second aperture further
shaping the electron beam that has passed through the first
aperture, an illumination lens illuminating the first aperture
with the electron beam, a projection lens projecting to the
second aperture the electron beam that has passed through the
first aperture, and an objective lens focusing the electron
beam that has passed through the second aperture, wherein
the illumination lens, the projection lens, and the objective
lens are all electromagnetic type lenses, and the electrostatic
lens is disposed between the objective lens and the shield
plate.

According to another aspect of the present invention, an
electron beam writing apparatus comprising a control unit
and a writing unit having an electron optical column and a
writing chamber, comprising; a stage on which a sample is
placed in the writing unit, an electron gun unit, which is
disposed in the electron optical column, configured to emit an
electron beam, a shield plate, which is disposed between the
stage and the electron optical column, configured to block
reflected electrons or secondary electrons generated by irra-
diation to the sample with the electron beam from entering the
writing chamber, an electrostatic lens aligned in an axial
direction of the electron beam in the electron optical column,
wherein the electrostatic lens is disposed immediately above
the shield plate; and a retarding electrode disposed immedi-
ately above the electrostatic lens and supplied with negative
voltage constantly, from a voltage supply device, during writ-
ing patterns on the sample.

According to another aspect of the present invention, an
electron beam writing apparatus wherein the voltage supply
device continues to apply a constant negative voltage to the
retarding electrode.

According to another aspect of the present invention, an
electron beam writing apparatus further comprising, a first
aperture for shaping the electron beam that has been emitted
from the electron gun, a second aperture further shaping the
electron beam that has passed through the first aperture, an
illumination lens illuminating the first aperture with the elec-
tron beam, a projection lens projecting to the second aperture
the electron beam that has passed through the first aperture,
and an objective lens focusing the electron beam that has
passed through the second aperture, wherein the illumination
lens, the projection lens, and the objective lens are all elec-
tromagnetic type lenses, and the electrostatic lens is disposed
between the objective lens and the shield plate.

According to another aspect of the present invention, an
electron beam writing apparatus further comprising, a deflec-
tor disposed in the electron optical column for deflecting the
electron beam to a predetermined position, and an insulating
plate disposed between the deflector and the retarding elec-
trode.

According to another aspect of the present invention, an
electron beam writing method in which a predetermined pat-
tern is written on a sample placed on a stage by emitting an
electron beam from an electron gun disposed in an electron
optical column, wherein

anegative voltage is constantly applied to the electrostatic
lens for changing a focal position of the electron beam or a
retarding electrode disposed immediately above the electro-
static lens.

According to another aspect of the present invention, an
electron beam writing method, wherein a shield plate is dis-
posed between the stage and the electron optical column to
block reflected electrons or secondary electrons generated by
irradiation to the sample with the electron beam.

According to another aspect of the present invention, an
electron beam writing method, wherein the electron beam
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that has been emitted from the electron gun to a first aperture
is illuminated by a illumination lens, projecting the electron
beam that has passed through the first aperture to a second
aperture by a projection lens, focusing the electron beam that
has passed through the second aperture by an objective lens,
and irradiating the electron beam that has passed through the
objective lens on the sample through the electrostatic lens.

According to another aspect of the present invention, an
electron beam writing method, wherein a negative voltage in
arange between 0V and -250V is applied to the electrostatic
lens.

According to another aspect of the present invention, an
electron beam writing method wherein a negative voltage
between —100 V and -200 V on average is applied to the
electrostatic lens.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an electron beam writing
apparatus according to embodiment 1 of the present inven-
tion.

FIG. 2 is an illustrative diagram of writing with an electron
beam.

FIG. 3 is a block diagram of an electron beam writing
apparatus according to embodiment 2 of the present inven-
tion.

FIG. 4 is an example of the relationship between electric
potentials around an electrostatic lens in embodiment 2.

FIG. 5is a simulation of a path of reflected electrons having
an energy value of 50 keV.

FIG. 6 is a simulation of a path of secondary electrons
having an energy value of 100 eV.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiment 1

FIG. 1 is a schematic diagram of an electron beam writing
apparatus according to the first embodiment of the present
invention.

The electron beam writing apparatus 100 consisting of a
writing unit 150 and a control unit 160, is an example of a
variable shape electron beam writing apparatus.

The writing unit 150 includes an electron optical column
102 and a writing chamber 103.

The electron optical column 102 includes an electron gun
201, an illumination lens 202, a blanking deflector 212, a
blanking aperture 214, a first shaping aperture 203, a projec-
tion lens 204, a shaping deflector 205, a second shaping
aperture 206, an objective lens 207, a main deflector 208, a
sub-deflector 209 and an electrostatic lens 210.

The illumination lens 202, the projection lens 204, the
objective lens 207, and the electrostatic lens 210 are all elec-
tromagnetic lenses for adjusting an imaging position of an
electron beam 200 by changing excitation. These lenses are
aligned in an axial direction of the electron beam 200, as
shown in FIG. 1. Specifically, these electromagnetic lenses
have electrodes (not shown) aligned in the axial direction of
the electron beam 200.

The electron beam 200 emitted from the electron gun 201
is illuminated by the first shaping aperture 203, and shapes the
electron beam 200 into, for example, a rectangular form. The
electron beam 200 is then projected on the second shaping
aperture 206 by the projection lens 204. The shaping deflector
205 controls the position of the image of the first shaping
aperture on the second shaping aperture 206, thereby chang-
ing the shape and size of the electron beam 200.
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The electron beam 200 passing through the second shaping
aperture 206 is focused by the objective lens 207, and then
deflected by the main deflector 208 and the sub-deflector 209.
Thereafter, the electrostatic lens 210 corrects the focal posi-
tion, and then a sample 216 placed on the writing chamber
103 is irradiated with the electron beam.

In the present embodiment, as shown in FIG. 1, it is pre-
ferred that a shield plate 211 be disposed below the electron
optical column 102, specifically, below the electrostatic lens
210. By providing the shield plate 211, reflected electrons or
secondary electrons, which are generated according to the
irradiation to the sample 216 by the electron beam 200, and
then enter the electron optical column 102, can be reduced.

As described with reference to FIGS. 5 and 6, however, the
reflected electrons or secondary electrons perform a helical
motion, coiling around an optical axis of the electron beam
200. Therefore, some of the reflected electrons or the second-
ary electrons pass through an opening of the shield plate 211,
and enter the electron optical column 102, as a result the
deflectors provided in the electron optical column 102, are
charged, and a path of the electron beam 200 is changed.
Therefore the target position on the sample 216 is not irradi-
ated with the electron beam 200.

Therefore, the present invention prevents the formation of
the electron cloud by constantly applying positive voltage to
the electrodes constituting the electrostatic lens aligned in the
axial direction of the electron beam.

In the present embodiment, a negative voltage is constantly
applied to the electrodes composing the electromagnetic lens
that are aligned in the axial direction of the electron beam.
This forms a negative electric field within the electron lens
barrel 102, and thus the reflected electrons or the secondary
electrons are subjected to repulsion and blocked from enter-
ing the electron lens barrel 102. In other words, by applying a
negative voltage to the electromagnetic lens, a potential dif-
ference between energies of the reflected electrons or the
secondary electrons a potential barrier is generated. The ener-
gies that the reflected electrons or the secondary electrons
have are low, as compared with electric potential of the elec-
tromagnetic lens, so that the reflected electrons or the second-
ary electrons cannot break through this potential barrier.
Accordingly, it is possible to prevent the reflected electrons or
the secondary electrons from entering the electron lens barrel
102.

For example, in a case where the electrostatic lens 210 is
composed of a first electrode disposed on the side of the
electron gun 201 and a second electrode disposed on the side
of the sample 216, a positive voltage is applied to these
electrodes. The applied voltage can be set within a range of O
V to 250V, for example, a voltage of 100 V to 200 V can be
applied on average. By adjusting the voltage value within
such a range, as one example, the focal position of the elec-
tron beam 200 can be changed by up to about 10 um.

In FIG. 1, a XY stage 105 is positioned in the writing
chamber 103.

The sample 216 to be written is mounted on the XY stage
105. When a mask is used as the sample 216, the mask has, for
example, a mask substrate consisting of quartz or a similar
material, a chromium (Cr) film or a molybdenum silicon
(MoSi) film as a light shielding film on the mask substrate,
and a resist film on the light shielding film. Next, the resist
film is irradiated the electron beam 200 to write a predeter-
mined pattern.

A reflective mirror 106 for measuring the position of the
XY stage using a laser is arranged at a different position to the
sample 216 positioned on the XY stage 105. The reflective
mirror 106 reflects the laser emitted from a laser length mea-
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surement unit 145, then the laser length measurement unit
145 receives the laser reflected on the reflective mirror 106.
Thereby the position of the XY stage 105 is found. The data
of the position is outputted to a writing data processing unit
112 of the control computer 110.

A 7 sensor 107 for detecting the position of the sample 216
along the height direction (Z direction) is arranged at the top
of the writing chamber 199. The Z sensor 107 consists of a
combination of a light emitting unit and a light receiving unit.
The light emitted from the light emitting unit is reflected on
the surface of the sample 216, the light reflected is then
received by the light receiving unit. Thereby the height of the
sample 216 is measured. The height data detected by the Z
sensor 107 is sent to a detection unit 143, and is then con-
verted to digital data, after that, it is outputted to the writing
data processing unit 112 of the control computer 110.

The blanking deflector 212 may be replaced with a plural-
ity of electrodes, for example, two or four electrodes. Each of
the shaping deflector 205, the main deflector 208 and the
sub-deflector 209 may be replaced with a plurality of elec-
trodes, for example, four or eight electrodes. The electrode of
each of the deflectors is individually connected to at least one
DAC (Digital Analog Converter).

The control unit 160 includes the control computer 110, a
deflection control circuit 120, the DAC amplifier units (130 to
133) and a storage device, such as a magnetic disk.

The control computer 110, the deflection control circuit
120 and the storage device 144 are connected to each other
through buses (not shown). The deflection control circuit 120
and the DAC amplifier units (130 to 133) are also connected
to each other through buses (not shown).

The DAC amplifier unit 130 is connected to the blanking
deflector 212. The DAC amplifier unit 131 is connected to the
shaping deflector 205. The DAC amplifier unit 132 is con-
nected to the sub-deflector 209. The DAC amplifier unit 133
is connected to the main deflector 208.

The deflection control circuit 120 transmits the digital sig-
nals for controlling the DAC amplifier units (130 to 133),
respectively. The digital signals are then converted into ana-
log signals. The DAC amplifier units (130 to 133) amplify the
converted analog signals and then transmit the amplified ana-
log signals as deflection voltage to the corresponding deflec-
tors, respectively. The electron beam 200 is then deflected to
the desired position.

FIG. 2 is an illustrative diagram of writing with an electron
beam 200.

As shown in FIG. 1 and FIG. 2, patterns 51 that will be
written on the sample 216 are each divided into rectangular
frame regions 52. Writing with an electron beam 200 is
repeated for each frame region 52 while the XY stage 105
continuously moves in one direction, for example in the plus
or minus X-direction. The frame region 52 is further divided
into sub-deflection regions 53, and the electron beam 200
writes only necessary internal portions of each sub-deflection
region 53. The frame region 52 is a rectangular writing region
determined by deflection width of the main deflector 208, and
the sub-deflection region 53 is a writing region determined by
deflection width of the sub-deflector 209.

The determination of the standard position of the sub-
deflection regions 53 is done with the main deflector 208,
writing inside the sub-deflection regions 53 is controlled by
sub-deflector 209. That is, the electron beam 200 is positioned
in the specified sub-deflection regions 53 by the main deflec-
tor 208, determining the writing position inside sub-deflec-
tion regions 53 by the sub-deflector 209. Furthermore, the
shaping deflector 205, and the aperture 203 and 206 for shap-
ing the electron beam determine the shape and size of the
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electron beam 200. While the XY stage 105 is continuously
moved in one direction a pattern is written in the inside of the
sub-deflection region 53, and upon completion of the writing,
the next sub-deflection region 53 is written. After all internal
sub-deflection regions 53 of the frame region 52 have been
written, the XY stage 105 is moved in steps in a direction
(e.g., the plus or minus Y-direction) that is orthogonal to the
continuous moving direction. Similar processing is then
repeated for sequential writing of the frame region 52.

The sub-deflection regions 53 are regions that are scanned
and written by the electron beam 200, faster than scanning
and writing of main deflection regions by sub-deflector 209,
sub-deflection regions 53 are usually the smallest writing
regions. When writing is performed inside the sub-deflection
regions 53, the size and shape of shot are prepared according
to the pattern shape, the shaping deflector 205 then forms the
desired shot. Specifically, the electron beam 200 is irradiated
from the electron gun 201, the first aperture 203 forms the
beam into a square shape, the electron beam is then projected
to the second shaping aperture 206 by the shaping deflector
205, the 2nd aperture 18 changes the beam shape and size.
After that, the electron beam 200 deflected by sub-deflector
209 and main deflector 208, is irradiated to the sample 216
which is mounted on XY stage 105.

When the sample 216 is irradiated with an electron beam
200, electrons reflected on the sample 216 (reflected elec-
trons) or electrons generated after entering the sample 216
(secondary electrons) are generated. The reflected electrons
or the secondary electrons perform a helical motion, coiling
around the axis of the electron beam 200, and proceed upward
within an electron optical column 102. In the present embodi-
ment, since positive electric potential is constantly given to
the electrodes that the electrostatic lens 210 is composed of,
the reflected electrons or the secondary electrons entering the
electron optical column 102 are attracted and moved to the
magnetic field formed by the electrostatic lens 210. This
prevents the formation of the electron cloud within the elec-
tron optical column 102, and thus the electron beam 200 is
prevented from drifting, so that a desired position on the
sample 216 can be irradiated with the electron beam 200.

Next, a method for writing desired patterns on the sample
216 using the electron beam writing apparatus shown in FIG.
1, is will be described.

In FIG. 1, the control computer 110 is connected to the
storage device 144. The control computer 110 includes the
writing data processing unit 112.

CAD data prepared by the designer (or user) is converted to
design intermediate data in a hierarchical format such as
OASIS. The design intermediate data includes data of the
pattern formed on the sample 216 created for each layer. It
should be noted that, generally, the electron beam writing
apparatuses are not adapted to be able to directly read OASIS
data. That is, each manufacturer of the electron beam writing
apparatus uses different format data. Therefore, OASIS data
is converted, for each layer, to format data in a format specific
to the electron beam writing apparatus used, and this format
data is input to the electron beam writing apparatus.

In FIG. 1, format data is entered into the electron beam
writing apparatus 100 via the storage device 144.

The designed pattern includes pattern features each con-
sisting of basic features such as rectangles and triangles. The
storage device 144 stores feature data indicating the shape,
size, and position of each pattern feature, specifically, infor-
mation such as the coordinates (x, y) of the reference position
of each feature, the length of its sides, and a shape code (or
identifier) identifying the type of shape such as a rectangle or
triangle.
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Further, a group of pattern features, defined in an area of
approximately a few tens of micrometers Square, is referred
to as a “cluster” or “cell”. It is common practice that the
design pattern data is defined in a hierarchical structure using
clusters or cells. A cluster (or cell), which contains a pattern
feature or features, may be used alone or repeated at certain
intervals. In the former case the coordinate positions of the
cluster (or cell) on the sample 216 are specified, whereas in
the latter case the coordinate positions of each copy of the
cluster (or cell) are indicated together with a repetition
instruction. Each cluster (or cell) is disposed in a strip-shaped
region, referred to as a “frame” or “stripe”, having a width of
afew hundreds of micrometers and a length of approximately
100 mm that corresponds to the length of the sample 216 in
the X or Y direction.

The division of the pattern into pattern elements is per-
formed based on the maximum shot size determined by the
size of the electron beam 200, and the coordinate positions,
size, and exposure time of each divided shot are also set.
Then, writing data is generated so that each shot is shaped in
accordance with the shape or size of a pattern element to be
written. The writing data is divided into strip-like frame
regions (main deflection regions), and each of the frame
regions is further divided into sub-deflection regions. That is,
the writing data of the entire wafer has a hierarchical data
structure including the data of a plurality of strip-like frames
whose size corresponds to the size of the main deflection
region and the data of a plurality of sub-deflection region
units, smaller in size than the main deflection region, in the
frame.

In FIG. 1, write data which is read from the storage device
144 by the control computer 110, is processed through a
plurality of steps in the writing data processing unit 112,
thereby generating shot data. The shot data is transmitted to a
deflection amount calculator 121 of the deflection control
circuit 120.

The deflection amount calculator 121 receives the shot
data, the positional information on an XY stage 105, and the
height information on the sample 216 sent from the writing
data processor 112. Then, the deflection amount calculator
121 calculates respective deflection amounts in the blanking
deflector 212, the shaping deflector 205, the sub-deflector
209, and the main deflector 208. The respective deflection
amounts thus obtained are sent to a deflection signal genera-
tor 124.

The deflection signal generator 124 generates a deflection
signal to be applied to each electrode of the blanking deflector
212, the shaping deflector 205, the sub-deflector 209, and the
main deflector 208. Each deflection signal is outputted to each
of the corresponding DAC amplifier units 130 to 133.

After the DAC amplifier units 130 to 133 convert deflection
signals that are digital signals outputted from the deflection
signal generator 124 into analog signals, respectively, they
amplify the analog signals to produce deflection voltages.
The deflection voltages produced are applied to the corre-
sponding deflectors 212, 205, 209, 208.

The electron beam 200 emitted from the electron gun 201
illuminates the first shaping aperture 203 through the illumi-
nation lens 202. This shapes the electron beam 200 into a
rectangle, for example. Subsequently, the electron beam 200
is projected to the second shaping aperture 206 by the pro-
jection lens 204. The deflection voltage applied to the shaping
deflector 205 determines the projection position in the second
shaping aperture 206.

It should be noted that the blanking aperture 214 and the
blanking deflector 212 serve to control irradiation to the
sample 216 with the electron beam 200.
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The electron beam 200 passing through the second shaping
aperture 206 is shaped into the desired shape and size. Next,
electron beam 200 passing through the second shaping aper-
ture 206 is focused by the objective lens 207, and then
deflected by the main deflector 208 and the sub-deflector 209.
That is, the electron beam 200 is deflected to the position
corresponding to deflection voltage applied to the main
deflector 208 and the sub-deflector 209, respectively. The
main deflector 208 positions the electron beam 200 in the
sub-deflection region on the sample 216. The sub-deflector
209 positions the electron beam 54 at a writing position in the
sub-deflection region.

The electron beam 200, which is deflected by the main
deflector 208 and the sub-deflector 209, is focused on the
sample 216. In the present embodiment, electric potential of
the electrodes that the electrostatic lens 210 is composed of, is
constantly positive. That is, positive electric potential is con-
stantly given to the electrostatic lens 210 by the voltage sup-
ply device 135 during writing. The control computer 110
controls the voltage supply device 135. For example, a volt-
age in a range between 0 V between 250 V can be applied
from the voltage supply device 135 to the electrostatic lens
210. When the applied voltage is changed, thereby the focal
position of the electron beam 200 is changed. In this case, it is
preferable that a voltage in a range between 100V and 200V
on average, for example, is applied to the electrostatic lens
210 considering offset.

As mentioned above, the sample 216 is mounted on the XY
stage 105. The shield plate 211 is arranged between the XY
stage 105 and the electron optical column 102. The electric
potential of the sample 216, the XY stage 105 and the shield
plate 211 is OV, respectively. Therefore if the electric potential
of the electrostatic lens 210 is constantly positive, the
reflected electrons or the secondary electron generated when
the sample 216 is irradiated with the electron beam 200, are
attracted and moved to the magnetic field formed by the
electrostatic lens 210 to proceed upward within an electron
optical column 102. That is, the electrostatic lens 210 forms a
positive electric field, thereby the reflected electrons or the
secondary electron is accelerated, then it can be prevented
that the reflected electrons or the secondary electrons remains
within the electron optical column 102. Accordingly, the
present invention is capable of reducing drift of the electron
beam 200 and irradiating the electron beam 200 to the desired
position.

Embodiment 2

FIG. 3 is a schematic diagram of an electron beam writing
apparatus according to an embodiment of the present inven-
tion. In FIG. 3, the same components as those in FIG. 1 are
denoted by the same reference numerals, and therefore, the
detailed description will not be repeated here.

In an electron beam writing apparatus 100' shown in FIG.
3, the electron optical column 102' includes an electron gun
201, an illumination lens 202, a blanking deflector 212, a
blanking aperture 214, a first shaping aperture 203, a projec-
tion lens 204, a shaping deflector 205, a second shaping
aperture 206, an objective lens 207, a main deflector 208, a
sub-deflector 209, a retarding electrode 136 and an electro-
static lens 210.

The illumination lens 202, the projection lens 204, the
objective lens 207, and the electrostatic lens 210" are all
electromagnetic lenses to adjust an imaging position of an
electron beam 200 by changing excitation. These lenses are
aligned in an axial direction of the electron beam 200, as
shown in FIG. 1. Specifically, these electromagnetic lenses
have electrodes (not shown) aligned in the axial direction of
the electron beam 200.
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The electron beam 200 emitted from the electron gun 201
illuminates the first shaping aperture 203 through the illumi-
nation lens 202, whereby the electron beam 200 is shaped
into, for example, a rectangular form. The electron beam 200
is then projected on the second shaping aperture 206 by the
projection lens 204. The shaping deflector 205 controls the
position of the image of the first shaping aperture on the
second shaping aperture 206, thereby changing the shape and
size of the electron beam 200. The electron beam 200 passing
through the second shaping aperture 206 is focused by the
objective lens 207, and then deflected by the main deflector
208 and the sub-deflector 209. Thereafter, the focal position is
corrected by the electrostatic lens 210, and then a sample 216
placed on the writing chamber 103 is irradiated with the
electron beam.

In the present embodiment, as shown in FIG. 3, it is pref-
erable that a shield plate 211 be disposed below the electron
optical column 102, specifically, below the electrostatic lens
210'. By providing the shield plate 211, reflected electrons or
secondary electrons that are generated according to the irra-
diation to the sample 216 with the electron beam 200, and
then enter the electron optical column 102", can be reduced.

As described with reference to FIGS. 5 and 6, however, the
reflected electrons or secondary electrons perform a helical
motion, coiling around an optical axis of the electron beam
200. Therefore, some of the reflected electrons or the second-
ary electrons pass through an opening of the shield plate 211,
and enter the electron optical column 102'. As a result, the
deflectors provided in the electron optical column 102' are
charged, and a path of the electron beam 200 is changed.
Therefore the target position on the sample 216 is not irradi-
ated with the electron beam 200.

Therefore, in the present embodiment, the retarding elec-
trode 136 is disposed within the electron lens barrel 102' and
a negative voltage is applied to the retarding electrode 136 by
a voltage supply device 137. This forms a negative electric
field within the electron lens barrel 102', so that the reflected
electrons or the secondary electrons are subjected to the
repulsion and blocked from advancing upward within the
electron lens barrel 102'. That is, by providing the retarding
electrode 136, the reflected electrons or the secondary elec-
trons are retarded and prevented from entering upward
beyond the retarding electrode 136.

As shown in FIG. 3, it is preferable that the retarding
electrode 136 be disposed immediately above the electro-
static lens 210'. Alternatively, such a configuration can be
adopted in that the electrostatic lens 210' is composed of a
plurality of electrodes, any of which is the retarding electrode
136. In either case, the voltage applied to the retarding elec-
trode 136 is set at a value that does not interfere with the
focal-position correcting function of the electrostatic lens
210'.

A negative voltage continues to be applied to the retarding
electrode 136 while writing with the electron beam 200 is
performed. It is preferred that this applied voltage be con-
stant. This is to avoid the effect of a change in the applied
voltage on the electron beam 200.

In the present embodiment, the voltage applied to the elec-
trostatic lens 210' can be set within a range of 0V to 250V, as
one example, and a voltage of 100V to 200V can be applied
on average. By adjusting the voltage value within such a
range, the focal position of the electron beam 200 can be
changed by up to about 10 um, for example.

Next, a method for writing desired patterns on the sample
216 using the electron beam writing apparatus 100' shown in
FIG. 3, will be described.
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When a mask is used as the sample 216, the mask has, for
example, a mask substrate consisting of quartz or a similar
material, a chromium (Cr) film or a molybdenum silicon
(MoSi) film as a light shielding film on the mask substrate,
and a resist film on the light shielding film. Next, the resist
film is irradiated the electron beam 200 to write a predeter-
mined pattern.

In FIG. 3, the control computer 110" is connected to the
storage device 144. The control computer 110" includes the
writing data processing unit 112. Write data which is read
from the storage device 144 by the control computer 110', is
processed through a plurality of steps in the writing data
processing unit 112. Shot data is generated, the shot data is
then transmitted to a deflection amount calculator 121 of the
deflection control circuit 120.

The deflection amount calculator 121 receives the shot
data, the positional information on an XY stage 105, and the
height information on the sample 216 sent from the writing
data processor 112. Then, the deflection amount calculator
121 calculates respective deflection amounts in the blanking
deflector 212, the shaping deflector 205, the sub-deflector
209, and the main deflector 208. The respective deflection
amounts thus obtained are sent to a deflection signal genera-
tor 124.

The deflection signal generator 124 generates a deflection
signal to be applied to each electrode of the blanking deflector
212, the shaping deflector 205, the sub-deflector 209, and the
main deflector 208. Each deflection signal is outputted to each
of the corresponding DAC amplifier units 130 to 133.

After the DAC amplifierunits 130 to 133 convert deflection
signals that are digital signals outputted from the deflection
signal generator 124 into analog signals, respectively, they
amplify the analog signals to produce deflection voltages.
The deflection voltages produced are applied to the corre-
sponding deflectors 212, 205, 209, 208.

The electron beam 200 emitted from the electron gun 201
illuminates the first shaping aperture 203 through the illumi-
nation lens 202. This shapes the electron beam 200 into a
rectangle, for example. Subsequently, the electron beam 200
is projected to the second shaping aperture 206 by the pro-
jection lens 204. The deflection voltage applied to the shaping
deflector 205 determines the projection position in the second
shaping aperture 206.

It should be noted that the blanking aperture 214 and the
blanking deflector 212 serve to control irradiation to the
sample 216 with the electron beam 200.

The electron beam 200 passing through the second shaping
aperture 206 is shaped into the desired shape and size. Next,
the electron beam 200 passing through the second shaping
aperture 206 is focused by the objective lens 207, and then
deflected by the main deflector 208 and the sub-deflector 209.
That is, the electron beam 200 is deflected to the position
corresponding to the deflection voltage applied to the main
deflector 208 and the sub-deflector 209, respectively. The
main deflector 208 positions the electron beam 200 in the
sub-deflection region on the sample 216, the sub-deflector
209 positions the electron beam 54 at a writing position in the
sub-deflection region.

The electron beam 200 which is deflected by the main
deflector 208 and the sub-deflector 209, is focused on the
sample 216 by the electrostatic lens 210'. Specifically, an
applied voltage to the electrodes composing the electrostatic
lens 210' is changed; thereby a focal position of the electron
beam 200 can be changed. In the present embodiment, as one
example, a voltage in a range between 0V between 250 V can
be supplied to the electrostatic lens 210'. Moreover it is pref-
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erable that a voltage in a range of between 100V and 200V on
average, is applied to the electrostatic lens 210 considering
offset.

The retarding electrode 136 is disposed immediately above
the electrostatic lens 210'. A negative voltage is applied to the
retarding electrode 136 by a voltage supply device 137. The
control computer 110" controls the operation of the voltage
supply device 137. For example, in a case where a voltage of
100V t0 200V on average within a range of 0V to =250V is
applied to the electrostatic lens 210', the voltage applied to the
retarding electrode 136 can be set at =30 V.

As shown in FIG. 3, the sample 216 is placed on the XY
stage 105. In addition, the shield plate 211 is disposed
between the XY stage 105 and the electron lens barrel 102'.
Here, the potentials of the sample 216, the XY stage 105, and
the shield plate 211 are all 0 V. In addition, an insulating plate
(not shown in FIG. 3) is disposed between the retarding
electrode 136 and the main deflector 208. In this embodiment,
the insulating plate consists of a single metal plate, however
the invention is not limited to this. The potential of the insu-
lating plate is also O (zero) V.

FIG. 4 is an example of a relationship between the above
electric potentials. In FIG. 4, the electric potentials of the
sample 216, the shield plate 211, and the insulating plate 134
are all 0 (zero) V. On the other hand, a voltage of 200 V and a
voltage of —30V are applied to the electrostatic lens 210" and
the retarding electrode 136, respectively. This causes the
reflected electrons or the secondary electrons entering the
electron lens barrel 102' to be attracted to the positive electric
field formed by the electrostatic lens 210", however, since the
negative voltage is applied to the retarding electrode 136, the
reflected electrons or the secondary electrons are retarded. A
potential difference between the retarding electrode 136 and
the insulating plate 134, namely, an energy barrier, blocks the
reflected electrons or the secondary electrons from moving
upward beyond the retarding electrode 136. As well as block-
ing reflected or secondary electrons with the retarding elec-
trode 136, the insulating plate 134 also functions to stop the
spread of an electric field generated as a result of negative
voltage from the retarding electrode 136 into an area above
the insulating plate 134. Furthermore, the shield plate 211
also functions to block positive voltage from spreading lower
than the electrostatic lens 210'.

According to the present embodiment, it is possible to
prevent the reflected electrons or the secondary electrons
from moving upward in the electron optical column 102, and
charging the deflectors. Therefore the drift of the electron
beam 200 can be reduced, and it becomes possible to irradiate
a desired position on the sample 216 with the electron beam
200.

The features and advantages of the present invention may
be summarized as follows.

According to the present embodiment, an electron beam
writing apparatus is described capable of reducing drift of the
electron beam due to the reflected electrons or the secondary
electrons via a voltage supply device constantly applying
negative voltage to the electrostatic lens.

Further, according to the present embodiment, an electron
beam writing apparatus is described capable of reducing drift
of the electron beam due to the reflected electrons or the
secondary electrons by the retarding electrode disposed
immediately above the electrostatic lens, and the voltage
supply device, which applies the negative voltage to the
retarding electrode.

Further, according to the present embodiment, since a
negative voltage is applied to the electrostatic lens provided
with electrodes aligned in an axial direction of the electron
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beam, for changing the focal position of the electron beam, or
the retarding electrode disposed immediately above the elec-
trostatic lens, there is provided an electron beam writing
apparatus capable of reducing drift of the electron beam due
to the reflected electrons or the secondary electrons.

The present invention is not limited to the above embodi-
ments and may be modified in various forms without depart-
ing from the scope of the invention.

For example, with form of the above-mentioned execution
an electron beam was used, however, the present invention is
not limited thereto and may utilize a different charged particle
beam, for example an ion beam.

What is claimed is:

1. An electron beam writing apparatus comprising a control
unit and a writing unit having an electron optical column and
a writing chamber, comprising;

a stage on which a sample is placed in the writing unit;

an electron gun unit, which is disposed in the electron
optical column, configured to emit an electron beam;

a shield plate, which is disposed between the stage and the
electron optical column, configured to reduce reflected
electrons or secondary electrons generated by irradia-
tion to the sample with the electron beam from entering
the electron optical column; and

an electrostatic lens positioned in an axial direction of the
electron beam in the electron optical column,

wherein the electrostatic lens is disposed immediately
above the shield plate and is supplied with negative
voltage, from a voltage supply device, constantly during
writing patterns on the sample, and is configured to
block the reflected electrons or the secondary electrons
from entering the electron optical column.

2. The electron beam writing apparatus according to claim

1, wherein a negative voltage in a range between OV and -250
V is applied from the voltage supply device to the electrostatic
lens.

3. The electron beam writing apparatus according to claim
2, wherein a negative voltage between —100 V and -200V on
average is applied from the voltage supply device to the
electrostatic lens.

4. The electron beam writing apparatus according to claim
1, further comprising:

a first aperture for shaping the electron beam that has been

emitted from the electron gun;

a second aperture further shaping the electron beam that
has passed through the first aperture;

an illumination lens illuminating the first aperture with the
electron beam:;

a projection lens projecting to the second aperture the
electron beam that has passed through the first aperture;
and

an objective lens focusing the electron beam that has
passed through the second aperture, wherein

the illumination lens, the projection lens, and the objective
lens are all electromagnetic type lenses, and

the electrostatic lens is disposed between the objective lens
and the shield plate.

5. An electron beam writing apparatus comprising a control
unit and a writing unit having an electron optical column and
a writing chamber, comprising;

a stage on which a sample is placed in the writing unit;

an electron gun unit, which is disposed in the electron
optical column, configured to emit an electron beam;

a shield plate, which is disposed between the stage and the
electron optical column, configured to reduce reflected
electrons or secondary electrons generated by irradia-
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tion to the sample with the electron beam from entering
the electron optical column;

an electrostatic lens aligned in an axial direction of the
electron beam in the electron optical column, wherein
the electrostatic lens is disposed immediately above the
shield plate; and

a retarding electrode disposed immediately above the elec-
trostatic lens and supplied with negative voltage con-
stantly, from a voltage supply device, during writing
patterns on the sample, and is configured to block the
reflected electrons or the secondary electrons from
entering the electron optical column.

6. The electron beam writing apparatus according to claim

5, wherein the voltage supply device continues to apply a
constant negative voltage to the retarding electrode.

7. The electron beam writing apparatus according to claim

5, further comprising:

a first aperture for shaping the electron beam that has been
emitted from the electron gun;

a second aperture further shaping the electron beam that
has passed through the first aperture;

an illumination lens illuminating the first aperture with the
electron beam:;

a projection lens projecting to the second aperture the
electron beam that has passed through the first aperture;
and

an objective lens focusing the electron beam that has
passed through the second aperture, wherein

the illumination lens, the projection lens, and the objective
lens are all electromagnetic type lenses, and

the electrostatic lens is disposed between the objective lens
and the shield plate.

8. The electron beam writing apparatus according to claim

5, further comprising:

a deflector disposed in the electron optical column for
deflecting the electron beam to a predetermined posi-
tion; and

an insulating plate disposed between the deflector and the
retarding electrode.

9. An electron beam writing method comprising:

writing a predetermined pattern on a sample placed on a
stage by emitting an electron beam from an electron gun
disposed in an electron optical column, wherein

a negative voltage is constantly applied to an electrostatic
lens for changing a focal position of the electron beam or
a retarding electrode disposed immediately above the
electrostatic lens, during the writing of the predeter-
mined pattern on the sample to block reflected electrons
or secondary electrons generated by irradiation to the
sample with the electron beam from entering the elec-
tron optical column.

10. The electron beam writing method according to claim

9, wherein a shield plate is disposed between the stage and the
electron optical column to reduce the reflected electrons or
the secondary electrons from entering the electron optical
column.

11. The electron beam writing method according to claim

95

wherein the electron beam that has been emitted from the
electron gun to a first aperture is illuminated by a illu-
mination lens, and the method further comprises

projecting the electron beam that has passed through the
first aperture to a second aperture by a projection lens;

focusing the electron beam that has passed through the
second aperture by an objective lens; and
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irradiating the electron beam that has passed through the
objective lens on the sample through the electrostatic
lens.
12. The electron beam writing method according to claim
9, 5
wherein a negative voltage in a range between 0 V and
-250V is applied to the electrostatic lens.
13. The electron beam writing method according to claim
12,
wherein a negative voltage between —100V and -200V on 10
average is applied to the electrostatic lens.
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